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PREFACE

The Electromagnetic Compatibility Analysis Center (ECAC) is a Department of
Defense facility, established to provide advice and assistance on electromagnetic
compatibility matters to the Secretary of Defense, the Joint Chiefs of Staff, the military
departments and other DoD components. The center, located at North Severn, Annapolis,
Maryland 21402, is under policy control of the Assistant Secretary of Defense for
Communication, Command, Control, and Intelligence and the Chairman, Joint Chiefs of
Staff, or their designees, who jointly provide policy guidance, assign projects, and establish
priorities. ECAC functions under the executive direction of the Secretary of the Air Force
and the management and technical direction of the Center are provided by military and civil
service personnel. The technical operations function is provided through an Air Force
sponsored contract with the IIT Research Institute (IITRI).

This report was prepared for the Systems Research and Development Service of the

Federal Aviation Administration in accordance with Interagency Agreement
DOT-FA70WAI-175, as part of AF Project 649E under Contract F-19628-78-C-0006, by the
staff of the IIT Research Institute at the Department of Defense Electromagnetic
Compatibility Analysis Center.

To the extent possible, all abbreviations and symbols used in this report are taken from
American Standards Y10.19 (1967) "Units Used in Electrical Science and Electrical
Engineering" issued by the USA Standards Institute.
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FEDERAL AVIATION ADMINISTRATION

SYSTEMS RESEARCH AND DEVELOPMENT SERVICE
SPECTRUM MANAGEMENT STAFF

STATEMENT OF MISSION

The mission of the Spectrum Management Staff is to assist the Department of State,
Office of Telecommunications Policy, and the Federal Communications Commission in
assuring the FAA's and the nation's aviation interests with sufficient protected
electromagnetic telecommunications resources throughout the world to provide for the safe
conduct of aeronautical flight by fostering effective and efficient use of a natural
resource--the electromagnetic radio-frequency spectrum.

This objective is achieved through the following services.

* Planning and defending the acquisition and retention of sufficient radio-frequency

spectrum to support the aeronautical interests of the nation, at home and abroad, and
spectrum standardization for the world's aviation community.

*Providing research, analysis, engineering, and evaluation in the development of
spectrum related policy, planning, standards, criteria, measurement equipment, and
measurement techniques.

*Conducting electromagnetic compatibility analyses to determine intra/inter-system

viability and design parameters, to assure certification of adequate spectrum to support
system operational use and projected growth patterns, to defend the aeronautical
services spectrum from encroachment by others, and to provide for the efficient use of
the aeronautical spectrum.

* Developing automated frequency-selection computer programs/routines to provide
frequency planning, frequency assignment, and spectrum analysis capabilities in the
spectrum supporting the National Airspace System.

Providing spectrum management consultation, assistance, and guidance to all aviation

interests, users, and providers of equipment and services, both national and

international.

iv
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EXECUTIVE SUMMARY

The Federal Aviation Administration (FAA) has requested that the Electro-

magnetic Compatibility Analysis Center (ECAC) provide a channel-assignment model

capable of making channel assignments for the new Microwave Landing System

(MLS). The MLS consists of angle-guidance equipments operating in C-band and

its associated Precision Distance Measurement Equipment (PDME) operating in

L-band. It was desired that the model be capable of using various channel-

separation criteria and assignment environments input by the user. It was also

necessary that the model should assign equipments according to a user-input

channelization scheme and be capable of pairing MLS and PDME channel assign-

ments with existing TACAN/DME and VOR/ILS channels. The results of an

assignment will be a list of the airport runways in the environment, the

channel assigned to each runway, and an indication of which equipment con-

tributed most to the failure of any runway to get a channel assigned.

The channel-assignment model consists of an intersite analysis routine

and a channel assignment routine. The intersite analysis routine calculates

desired-to-undesired signal power ratios (D/U) within each equipment's protected

service volume. It then constructs an array containing the worst-case D/U

value which exists between each pair of equipments in the environment.

The channel-assignment routine converts the worst-case D/U values to

channel separation between equipments, and makes channel assignments that satisfy

these separation requirements. The channel assignments are performed using a

dynamic assignment technique in which the most difficult assignments (those with

the least number of available channels) are attempted first. This routine in-

cludes an option allowing the user to specify the order of equipment assignment

as he wishes, as an alternative to the dynamic technique.

A trial channel assignment of a Southwest U.S. airport environment using

the dynamic ordering technique was made to test both the model and channel plan

capability. This trial assignment is documented in the results section of this

report.

v/vi
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SECTION 1

INTRODUCTION

BACKGROUND

A new non visual precision approach and landing guidance system has been

accepted by the International Civil Aviation Organization (ICAO)1 as the future

international standard.

The federal Aviation Administration (FAA) proposed Microwave Landing System

(MLS), is based on the Time Reference Scanning Beam (TRSB) technique in which

time between successive scans of narrow fan beams provide elevation and azimuth

information to aircraft within a designated service volume. Distance information

is provided by existing Distance Measurement Equipment (DME) or by new Precision

Distance Measurement Equipment (PDME), both operating in L-band (960 to 1215

MHz). Current proposals call for channel pairinga between these L and C-band

guidance functions. APPENDIX B contains a system description of the MLS angle-

guidance and range-guidance equipments.

Early in the development of the MLS, the Electromagnetic Compatibility

Analysis Center (ECAC) developed an automated channel assignment model that

was capable of performing intersite analyses and making channel assignments

192for the MLS functions as they were envisioned in 1972. Subsequent refinements

to the MLS system design and implementation plans have resulted in a require-

ment for a more complex channel-assignment model.

1Time Reference Scanning Beam Microwave Landing System, DOT/FAA, December 1975.

2Frazier, R., In-Band Compatibility Analysis of the RTCA-Proposed Microwave
Landing Guidance System (LGS) and Interim System, (FAA-RD-75-62), ECAC,

Annapolis, MD., July 1972.

aChannel pairing is when frequency assignments in different bands are inter-

dependent. This enables a pilot to automatically use equipments of different
bands by tuning to a single channel.

_______ . .4 ~. i
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One of the major changes is that the PDME function has been moved from

C-band (5.0-5.25 GHz) to L-band (960 to 1215 MHz). The current plan calls

for possible assignment of the PDME function to existing L-band X and Y mode

channels used by conventional DME systems. Additional L-band channels are ex-

pected to be created by defining new operating modes (i.e., multiplexing) on the

present L-band frequency pairings.

The L-band TACAN/DME X and Y mode channels are currently channel paired to

VHF (ILS Localizer and VOR) and UHF (ILS Glideslope) channels. Dependent upon

the final implementation strategy, assigning the PDME functions to these L-band

channels may result in channel-pairing of aeronautical radionavigation equipments

in four bands: MLS angle-guidance equipment in C-band; TACAN, conventional DME

and PDME equipments in L-band; ILS Localizer and VOR equipments in the VHF band;

and ILS Glideslope equipments in the UHF band. Coupling between bands could

therefore result in a need, when making MLS assignments, to check MLS C-band angle-

guidance assignment criteria with potential assignment criteria in the L, VHF, and

UHF bands.

In addition, the model reflects the FAA requirement that greater accuracy

be provided in predicting the value and location point within the MLS protected

service volume of the minimum desired-to-undesired signal power ratio (D/U).

OBJECTIVES

The objectives of this effort were to develop an automated channel-assignment

model capable of providing frequency assignments of MLS equipments that operate

either in C-band or L-band, and to provide a trial channel assignment predicated

on a specific test environment and channelization scheme that utilizes existing

VHF and UHF channels.

APPROACH

In developing an automated channel-assignment model (CAM), it was necessary

that the CAM be capable of providing MLS frequency assignments that would allow

operation on a non-interference basis of the new MLS equipments with the present

2
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airport and enroute equipments 3 . These combined environments include MLS angle-

guidance equipment to be assigned to C-band channels; DME, PDME and TACAN

range-guidance equipment in L-band; ILS localizer and VOR equipment in the VHF

band; and ILS glideslope equipment in the UHF band.

To satisfy the need for an intersite analysis, as well as to provide

channel assignments, two routines were developed. The intersite analysis routine

was designed to calculate the minimum desired-to-undesired signal power ratio

(D/U) within a desired facility's service volume. This analysis can be performed

for either/or the sector/circular service volumes associated with ILS and MLS

as well as the sector/circular service volumes of TACAN/DME and associated

VOR equipments. The D/U ratios are calculated using equipment location and

equipment characteristics obtained from the user-specified airport environment.

Propagation loss predictions are provided by a model developed for the FAA by
4

the Institute for telecommunications Sciences (ITS). The intersite analysis

results consist of predicted minimum D/U ratios for each equipment pair within

the same frequency band.

The channel-assignment routine was designed to use the D/U values from the

intersite analysis and convert them into minimum channel-separation requirements

based on user-specified D/U protection criteria. Using these separation require-

ments and the frequency resources contained in a user-specified channel plan, a

denied-channel array is generated. This array indicates those frequencies that

are not available for use by each equipment to be assigned. If the user chooses the

dynamic approach, a scan of the array determines the most constrained equipment,
in terms of the remaining frequency resources available for its assignment.

3Analysis of MLS Channel Plans with L-Band DME, Inter-Agency Agreement,
DOT-FA76WAI-612, Task Assignment,

4Gierhart, G.D. and Johnson, M.E., Propagation and Interference Analysis
Computer Programs (0.1 to 20 GHz), Applications Guide, FAA-RD-77-60, ITS,
Boulder, Colorado, March 1978.

3
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The most constrained equipment is that which has the minimum number of available

frequency resources. This equipment is assigned first. The denied-channcl

array is subsequently updated to include new constraints imposed by the channel
just assigned, and the process is then repeated until all equipments are assigned

or channel resources have been exhausted.

The channel-assignment model can assign equipments in each of the four bands

(UHF, VHF, L-band, and C-band) and can make assignments for channel-paired equip-

ments. Dependent upon user specified operating conditions it is also capable
S a

of reassigning existing preassigned equipment if their present operating frequencies

cannot satisfy the channel-separation requirements of the new channel paired MLS

functions.

In addition to the development of the intersite analysis routine and the

channel-assignment routine, it was necessary to identify the types of data re-

quired to support those routines during their use. These data are documented as

part of the assignment system.

A trial assignment was made to appraise the assignment model's performance

in a working environment, as well as the performance of an FAA-proposed equipment

channelization scheme.

The environment used to test the assignment model was an updated Southwest

U.S. airport environment that had been developed by the FAA in support of the

Radio Technical Commission for Aeronautics Special Committee 117 (RTCA in 1972).

This environment included a four-state area and is listed in APPENDIX D.

The differences between the 1972 environment and the present version are:

1) addition of MLS-PDME requirements to L-band; 2) addition of existing preassigned

alPreassigned" refers to existing ILS/VOR or TACAN/DME equipments operating on a

designated channel. When the new MLS and pDME systems are frequency paired to

these existing equipments, their frequencies are predetermined in that the only

MLS channel available for assignment is that which is hard-paired to the existing

frequency assignment.

4
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TACA.N/DME and VOR enroute facilities, and existing preassigned ILS Localizer and

Glideslope airport facilities to the UHF VHF-bands; and 3) addition of "dummy"

equipments for the optional protection of paired frequencies where no associated

equipments are physically installed.

The assignment was made using the channelization plan listed in APPENDIX

E. The list of frequency resources that was used in this first trial channel

assignment was derived by pairing the C-band Frequency Channel Plan with the L-

band PDME Interim Channel Plan. The assumptions used to derive the specific list

of frequencies and to define the potential interdependence between the C-, L-,

VHF and UHF bands are as follows:

1. C-band channels used for MLS angle-guidance were hard-paired to

specific L-band channels. For example, C-band channel 002 (5031.6 MHz) was

paired with L-band channel 18X (979 MHz). If either one of these channels was

assigned to a facility, both of them were protected. If both could not be

protected during the assignment process, neither could be assigned to that facility.

This is repesentative of intrasystem hard pairing.

2. The existing channel-pairing required by ICAO Annex 10 between

certain L-band channels, VHF channels, and UHF channels became part of the MLS

channel plan. For example, channel 18X now pairs C-band (5031.6 MHz) with L-

band (979 MHz), VHF-band ILS Localizer (109.10 MHz) and UHF-band ILS Glideslope

(334.7 M1z) frequencies. As in (1) above, the assignment of any one of these

frequencies at a facility requires the protection of all related hard paired

frequencies, even though some of the equipment was not actually required. This

is representative of intersystem hard pairing.

The protection criteria used in this first trial assignment is presented

in APPENDIX C. Included in this appendix are some qualifying statements, and a

listing of the criteria for all four frequency bands, i.e., C-band, L-band, and

the VHF and UHF bands. It should be noted that consistent with traditional FAA

procedure, only ground-to-air L-band interference interactions were considered.

S 5ILS Signal Format and System Level Functional Requirements, FAA-ER-700-08C,
10 May 1979.

*1 TI
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SECTION 2J MODEL DESCRIPTION

I NTRODIJCT TON

The NILS channel-assignment system was designed to provide MLS frequency

a~5~nmntscompatible with existing airport and enroute environments. The

system tas constructed in three parts, an intersite analysis, a channel-assign-

ment model, and a supporting data base. The overall program flow is illustrated

in IGURI 1.

(L T A

INTSYSTEM

PRIORIY
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The system was designed so that the intersite routine and channel-assign-

ment routine can be run independently. The results of the intersite analysis

can be stored and reused for each assignment routine run. ience it is generally

not necessary to rerun the intersite analysis for each channel-assignment

attempt.

A measure of the models usefullness during the MLS equipment development

is its ability to accommodate various channelization schemes and assignment

conditions that a user may wish to investigate. The flexibility to use varied

schemes and conditions is accomplished through manipulating the model inputs

(MLS data base, equipment protection criteria, channelization scheme, and

equipment priority list) as well as selecting the use of several preprogrammed

assignment options that control the internal assignment process. A discussion

of the options and capabilities of the model that are available to the user is

included in Section 3.

INTERSITE ANALYSIS

The intersite analysis routine examines the interference potential between

two equipments and determines the minimum, i.e., worst-case, desired-to-undesired

signal power ratio (D/U) at a receiver within the protected service volume of

either equipment. The analysis is performed between equipments operating in

the same frequency band.

The analysis has two parts, a distance culling procedure to identify those

equipment pairs whose separation distance precludes interference, and a method

for calculating the minimum D/U for the remaining equipment pairs. The inter-

site analysis program logic flow is shown in FIGURE 2.

Distance Cull

For each equipment pair, the model establishes two boundaries, a small

circle defined by the victim service volume radius, and a larger circle repre-

senting the minimum distance separation for safe cochannel operation for the

7
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MINIMUM U/U CALCULATION

START

SELECT
TEST
POINTS

READ STOP
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NO OLES
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FIGURE 2. INTERSITE LOGIC FLOW.
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two equipments (see FIGURE 3). An equipment pair separated by more than the

cochannel distance boundary is assigned a cochannel fl/U value. An equipment

pair separated by less than the service volume distance boundary is assigned

a worst-case D/U value, as defined by the protection criteria. The balance

of the equipment pairs will require further analysis to determine the minimum

D/U value, as shown in area B of FIGURE 3.

DESIED SGNALSAFE COCHANNEL
SOURCEOPERATION

A C

FURTHER D/U
ANALYS I S REQUIRED

FIGURE 3. DISTANCE CULL BOUNDARIES

9
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Minimum D/U Calculation

The minimum D/U is determined by calculating D/U ratios at critical test

points (receiver locations) in the desired signal service volume and selecting

the smallest value. The model is designed to analyze the circular service

volumes associated with TACAN, VOR, conventional DME, and PDME equipments, as

well as the various sector/circular service volumes associated with the ILS

(Localizer and Glideslope) and MLS equipments. The location of the test points

to be used was determined by an analysis described in APPENDIX A. In this

analysis, it was shown that the minimum D/U value within the tailored service

volumes associated with MLS and ILS equipment will occur at the maximum service

volume range near one of three points. Those points, shown in FIGURE 4, are the

corner points (B and D), and the intersection of the line connecting the desired

and undesired equipments and the boundary of the desired equipments service volume,

point (C).

The closest point may not have meaning when the non-circular tailored ser-

vice volumes are used in the analysis. In a tailored service volume, if the un-

desired source is located within the angular limits of the desired service volume

(case #1 in FIGURE 4), three points are selected, one at each corner of the ser-

vice volume, and a third at the line connecting the desired and undesired source.

When the undesired source is outside these angular limits, only the corner points

are tested (case #2 in FIGURE 4). For circular service volumes, the angular limits

are always considered to be - 180 , making the undesired source always fall within

the angular limits of the desired service volume. For that case, the model always

uses the point on the line connecting the equipments, at the maximum service range.II
The D/U calculation at each critical test point is performed by considering

both the azimuth and elevation of the test point location with respect to the

desired and undesired signal sources. A propagation model developed by ITS

(Reference 4), which is based on a 95% time availability basis, has been inte-

grated into this intersite analysis to calculate an initial D/U value for each

test point based on the desired and undesired signal propagation losses and their

vertical antenna gains in the direction of the victim receiver. These initial

10
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CASE NO 2

CASE NO. I

N

B

W -. ELEGEND
PROTECTED
SERVICE [] DESIRED SOURCE

VOLUM J~h UNDISIRED SOURCE

* POSSIBLE TEST POINT LOCATION

FIGURE 4. TEST POINT LOCATIONS IN A SECTOR SERVICE VOLUMNE.
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L/IJ values are stored in a series of look-up tahles prepareld for each type

of equipment. lo obtain the final D)/I values the init al l/H/l's are adjusted

for transnitter power and horizontal antenna gain differences. The minimiiuim

I)/U ratio is selected from this set of values.

The initial D/U ratio at each test point is determined by calculating the

desired-to-undesired ground equipment separation distancea, and interpolating

from tabulated D/U curves prepared in advance. Every equipment service volume

configuration (e.g., MLS, 20 nmi, and DME, 25 nmi, etc.) has a tabulated D/U

curve to be used when that equipment undergoes analysis. FIGURE 5 shows the

D.U curve prepared for an MLS 20 nmi service volume. Each curve has been con-

str:icted so that the D)/U value at each site separation distance is the minimum

thdt will occur at any altitude within the service volume limits.

The initial D/l] values determined using the ITS curves are then adjusted

by incorporating the difference between the desired and undesired signals,

horizontal antenna gain in the direction of each test point, and the differc ce

in transmitted power values between the desired and undesired signal sources,

with the initial tabular D/U value.

The final D/U values calculated at the critical test points within the

service volume of the desired source are Then compared and the minimum D/U

is stored. At this point, the model reverses the roles of the two equipments

for the couplet being analyzed. The desired signal becomes the undesired signal

and vice versa. The analysis is repeated using the same procedure described

above, to calculate a second minimum D/U value. This second value is compared

to the first value and the final minimum D/U is stored for use in the channel-

assignment routine. The result is the smallest D/U value in the service volume

of either equipment and its use assures the protection of both equipments.

The intersite analysis is performed for each individual equipment in an

environment, with every other equipment in the same frequency band. At an

'Lquipment separation distance is the combination of the desired equipment-to-
test point plus undesired equipment-to-test point distances.

12
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airport facility where several different equipments are operating and providing

various services, there will be a set of minimum D/U values, one associated

with each of the equipments.

CHANNEL ASSIGNMENT

The channel-assignment model examines the intersite constraints existing

between the equipments in a working environment, and assigns channels providing

the channel separation required by the protection criteria. The user specifies

the inputs to the routine: 1) the channelization scheme; 2) the protection

criteria; 3) the data base defining the equipment operational parameters; and

4) the method of determining the priority of equipment assignments.

In addition to specifying the above inputs the user may also select pre-

programmed options: 1) alternate channel pairing schemes; 2) reassignment of

existing equipment assignments to other channels, and; 3) a display of the per-

centage of channels denied to equipments that fail to be assigned. A description

of the model options and capabilities is included in section 3.

The assignment routine will be discussed in two parts, the denied channel

array construction, and the final assignment process. The program flow is

illustrated in FIGURE 6.

Denied Channel Array

The denied channel array is constructed prior to the beginning of the

assignment process. It shows the frequencies that are available to each system a

of equipments and does not initially reflect any of the intersite constraints be-
tween systems. This array is constructed in two steps: 1) listing the fre-
quency resources available to each equipment type; and 2) entering a frequency

resource list for each equipment into an array, according to the hard-pairing

between equipments.

'A systum is a set of equipments providing landing guidance at a runway site,
or navigational guidance at an enroute facility. Each equipment in the
environment to be assigned is identified with a system.

14
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The first step is thc creation of a frequency resource list for each

equipment type to be considered in the assignment process. The channelization

scheme defining the frequency resources available to each type of equipment

is converted to a bit string, with "O's" indicating the available frequencies

and "l's" indicating the denied frequencies. Step 1 of FIGURE 7 illustrates

a frequency resource list constructed from the partial channel scheme listed.

The second step is to construct a denied channel array with columns repre-

senting frequency resources and rows representing the equipments to be assigned.

Frequency resource lists for all equipments in a system are entered into the

array according to equipment type and the required hard-pairing between equip-

ments within each system. The model identifies the hard-paired equipments within

a system and overlays their resource lists. Any frequency resource that is denied

for one of the equipments results in the elimination of the corresponding re-

sources on that channel for the entire hard-paired set. The result is an array

showing the frequency resources available to each system of equipments.

Step 2 of FIGURE 7 illustrates the denied channel array row representing a

hard-paired system of equipments composed of MLS, DME, ILS, and Glideslope. Four

channels are available to their system: 18X, 18Y, 20X, and 20Y. In the event

that no hard-pairing between equipments is desired, the denied channel array

of FIGURE 7 would contain the four individual resource lists corresponding to

the equipments that are listed, and no overlaying of these lists would occur.

When a system is preassigned (i.e., it is an existing system in the environ-

ment operating on a specific frequency), all channels except the preassigned one

are denied to it. For example, if the system of FIGURE 7 were preassigned on

channel 1SX, all other channels would contain "l's" in the denied channel array

shown. The user also has the optional capability to ignore the preassigned

channel so that the system will be allowed assignment on any channel. Con-

versely, any system can be proposed for assignment on a specific channel by

specifying for it a preassigned channel when the array is constructed.

lb :
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Channel MLS Angle IPI)M; I)Mli VOR I IIS i d 0s 1 ope

1 -X 979 108.00

17Y 5031.0 1,104 1,104 108.05

17X2 5031.3 978

1SX 5031.6 979 979 108.10 334.70

ISY 5031.9 1,105 1,105 108.15 334.55

18XZ 5032.2 979

19X 980 108.20

19Y 5032.5 1,106 1,106 108.25

19\- 5032.8 980

3.033.1 981 981 108.30 334.10

3-5033.4 1,107 1,107 108.35 333.95

2 X 5033.7 981

S5tein 1 Frequency Resource List
17 18 19 20

X Y XZ X Y xz X Y XZ X Y XZ

MLS Angle 1 00 0 0 0 1 00 0 0 0

PDME 1 00 0 0 0 1 00 0 0 0

DME 0 0 1 0 0 1 0 0 1 0 0 1

VOR 0 0 1 1 1 1 0 0 1 1 1 1

ILS 1 1 1 0 0 1 1 1 1 0 0 1

Glideslope 1 1 l 0 0 1 1 1 1 0 0 1

Step 2 Denied Channel Array

17 18 19 20

MLS Angle 
Y

DME I 1 0 0 1 1 1 1 0 01
ILS

Glideslope_

0 - channel available

1 - channel not available

FIGURE 7. DENIED CHANNEL ARRAY CONSTRUCTION.
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Assignment

The assignment model uses the denied channel array to systematically

assign each system in the environment to an available channel. After each

successful assignment, the denied channel array is updated to reflect the

intersite constraints between the most recently assigned system and all the re-

maining unassigned systems. The minimum D/U values between each system,

calculated in the intersite analysis, have been translated into the channel

separation required for safe operation as defined by the protection criteria

listed in APPENDIX C. These channel separations determine the channel spacing

required between systems when updating the denied channel array.

In normal operation, the model begins assigning systems by counting the

frequency resources denied to each system (row) and first assigning those

systems with the fewest remaining resources. As an option, the model may select

the first system to be assigned from a list specified by the user. The row

representing this first system to be assigned is searched for an available

channel, and the first free channel is assigneda. If no channel is available,

the model prints a failure message and proceeds to the next assignment.

When an assignment is made, intersite constraints may be placed on some

of the remaining unassigned systems. If necessary, the channel assigned, and

some number of adjacent channels will be eliminated from the rows of potentially

interfering systems. This process updates the denied channel array for the next

assignment attempt.

FIGURE 8 illustrates the Thannel assiF. :ent process for three systems,

beginning with the denied channel array. System one is assigned its first

available channel, and the denied channel array is updated to reflect the

channel separation required between the systems, as a result of this assign-

ment. The process continues in the same manner, until assignment has been

attempted for all systems.

aThe sequence of channels as listed by the user represents an optional

capability.

18
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Begin - Denied Channel Array

17 18 19 20

iystem X Y X: X Y XZ X Y XZ X Y XZ Protection Required

1 NILS Angle 1-2 1 Channel
DME I I 1 1 1 1 1 0 0 1 1-3 1 channel
ILS 2-3 2 channel
Glideslope

'.NILS Angle Assign System I
DNI 1 1 1 0 0 1 1 1 1 00 1 Channel 18 X

\ILS Angle 1 0 0 0 0 0 1 0 0 0 0 0

IST - Updated Channel Array

17 18 19 20

System X Y XZ X Y XZ X Y XZ X Y XZ

1 1 1 I0 I I I 1 0 0 1 Assign System 2

Channel 18 Y
1 0 0 100 1 (0 0 00

2ND - Updated Channel Array

17 18 19 20

Rvstem X Y XZ X Y XZ X Y XZ X Y XZ

1 0 1 1 1 1 0 0 0 0 0 7 Available Channels

for Assignment

Ii

FIGURE 8. CHANNEL-ASSIGNMENT PROCESS.

19

r



FAA-RD-80-91 Section 2

It should be noted that for clarity purposes in this example, channels

17X, 17Y and 17XZ have been treated simplistically as adjacent channels.

However, in reality this is dependent upon the channel plan definition. An

examination of the channel plan defined in APPENDIX E reveals that the C-

band frequencies contained in channels 17X, 17Y and 17XZ are adjacent

frequencies, but that the L-band frequencies are not. L-band channels 17X

and 18X contain adjacent frequencies. Therefore, when the denied channel

array is updated by the channel assignment system to reflect the impact of a

particular assignment on adjacent channels, each band is updated separately, and

the results are combined (logical OR) to decide if a particular-channel

(paired set of frequencies) is available for future use.

Additional note should be made of the effect of using the APPENDIX E

channel plan. Adjacent channel restrictions would usually affect separate

L- and C-band channels, thus in some cases denying twice as many channel

numbers as may be required for a more optimally defined plan.

A special situation arises when assigning systems containing preassigned

equipments. In the assignment process, an existing preassigned system, hard-

paired with a new MLS equipment, may be unable to use its existing "preassigned"

channel because of intersite constraints placed on the MLS from prior assignments.

In this case, a reassignment option is available to the user, and allows the

assignment routine to search for any available channel to assign the entire

system; planned plus existing. If this option fails, the hard-pairing require-

ment may be relaxed at the discretion of the user, thus allowing the planned

MLS portion to be assigned separately from the existing equipment.

DATA BASE

The MLS data base consists of an individual data record for each equipment

in the environment. Each equipment (subsystem) record contains a system identi-

fication number which links it with other equipments that form a system at the

20
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same facility in the environment. A system is a set of equipments providing

landing guidance at an airport, or navigational guidance at an enroute guidance

site. An airport facility may contain many systems, associated with various

runways.

A data record contains information for both the equipment, and the airport/

enroute facility where its associated system is located. The equipment infor-

mation includes the type and location, as well as the service and operational

parameters. The facility information includes the identification, location, and

service capability of the airport or enroute site.

A user wishing to create a new environment for use in the channel assignment

model must provide the information needed to construct a data record for each

individual equipment in that environment. Certain of the information contained

on the data record is not crucial to the actual operation of the assignment

model. The information that is necessary for the model operation and must be

supplied, is identified by an asterisk in the description that follows. The

information contained on each equipment record is as follows:

Equipment Dataa

1. Equipment Type* - Identifies the type of equipment contained on the

record (e.g., TACAN, VOR, etc.).

2. Equipment Lat./Long.* (degrees, minutes, seconds) - Latitutde and longi-

tude of the equipment location.

3. Channel* - The designated channel of a preassigned L-band or VHF equip-

ment.

aAPPENDIX B defines equipment parameters and service options for each equipment

type.

21
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4. Frequency (MHz)* - The operating frequency of a preassigned L-band or

VHF equipment.

5. Service Radius* (nmi) - The radius of the protected service volume.

6. Altitude (ft.)* - The maximum protected altitude within the service

volume.

7. Service Volume* - Type of L-band or C-band service volume coverage (e.g.,

High, Low, Terminal, MLS Service Volume). This parameter should be specified

when the service volume is of a standard type. The standard service volumes in

use are listed in APPENDIX B.

8. Option* - Type of ILS service coverage. (Standard, Option 1, Option 2,

Option 3). This parameter should be specified when a standard option, listed

in APPENDIX B, is chosen.

9. Gain (dBi)* - Mainbeam antenna gain.

10. Power (kW)* - Effective power input to the antenna.

11. Antenna Pattern* - Type of vertical antenna pattern.

12. Height (ft.)* - Transmitter antenna height.

Facility Data

1. Airport/Enroute Facility Number* - This is the system identification

number; it identifies the system, or group of equipments, providing guidance

to a specific runway or enroute navigation site (i.e., all equipments associated

with a runway/enroute site have the same facility number). Each equipment data

record must have a facility number to insure that the equipments to be channel-

paired at each site can be identified.
2. Location* - The city and state of an airport facility, or the state

and location of an enroute site.

3. Airport Lat./Long. (degrees, minutes, seconds) - The latitude and longi-

tude of airports (no entry for enroute facilities).
4. Bearing of Runway (degrees)* - The bearing of a runway associated with an

airport facility.
5. Facility Call Number - Three alphanumeric characters identifying an air-

port facility or enroute site.
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6. Airport Type - Categories designating the status and type of service

for an airport facility.

New - not in existence

General Aviation - general air traffic

Air Carrier - all commercial aviation

V/STOL - special takeoff and landing facility

7. Tower Exist - Indicates whether a tower exists.

8. Runway Exist - Indicates whether a runway is in existence.

9. Frazier's Number - The number assigned to a system in the proposed

environment developed in 1972.

10. Link Number* - A link nunber identifies those equipments which must

operate on the same frequency. This situation arises when two like equipments

are located at opposite ends of a runway, or on adjacent parallel runways, but

do not operate simultaneously. By linking equipments, all guidance for a run-

way will be on the same frequency.

11. Runway length (ft.)

12. Runway Width (ft.)

23
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SECTION 3

USER OPTIONS AND MODEL CAPABILITIES

GENERAL

The MLS Channel Assignment Model was constructed principally as a tool

for evaluating the various channelization schemes proposed for the MLS angle

guidance and range guidance equipments. In order for the model to handle a

variety of channel plans, perhaps requiring special environmental assignment

considerations, it was necessary to provide certain options that give the user

sufficient flexibility to test particular ideas. User options are accomplished

in two ways: (1) through the main inputs to the model and (2) by selecting

internal system options that regulate the assignment process. By utilizing these

options, the user may investigate assignment ideas in different airport environ-

ments, using various MLS characteristics and with specialized protection criteria.

This section will describe these options and some example problems that can be

investigated using this assignment model. The current use of this channel

assignment model at ECAC is accomplished through the FAA Spectrum Support Office.

USER OPTIONS

The following is a description of the input options and model options

available to the user.

Input Options

The main input options under user control are the equipment protection

criteria, the channel plan, the data base including the environment description,

and the assignment priority list. By controlling these key inputs, many options

are available to the user.

Protection Criteria. The protection criteria places upper bounds on the

undesired signal level (U) with respect to the desired signal level (D) that

provide for interference-free operation of the potential victim equipment
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within standard protected service volumes. Levels are specified as a D/U power

ratio for cochannel and adjacent channel undesired signals. Different criteria

are used in each frequency band as described in detail in APPENDIX C. The user

has the option of specifying established protection criteria or updated criteria

based on analytical or emphirical results as equipment designs change.

The L-band protection criteria included in TABLE C-i are consistent with cur-

rent FAA frequency assignment methods found in the U.S. National Standard for the

VORTAC System for X-mode channels. However, the planned use of multiple-modes

for the MLS range guidance system and the planned revision of the national stan-

dard to consider the source/type of the undesired signal, have spawned the need

for a more detailed specification of L-band protection criteria. In particular,

the L-band protection matrix shown in TABLE 1 satisfies the structure needed

to specify the required criteria. This matrix treats each combination of victim

eq'iipment and potentially interfering equipment on an individual basis, allowing

the interference rejection advantage of the newer PDME equipments to be reflected

in the assignment process. The user simply needs to provide the applicable

inputs. As the MLS range guidance system matures or as older conventional

'IACAN/DME systems are deleted from the operational inventory, these criteria

can be updated at the option of the user.

The C-band protection criteria included in TABLE C-2 were based on

analytical work by ECAC and the Bendix Corporation, and substantiated by emphirical

testing at NAFEC. As with range guidance protection, these criteria are under

user control and may be updated as the system matures.

The VHF and UHF protection criteria are contained in TABLES C-3 and C-4
respectively for the VOR, ILS Localizer and ILS Glideslope systems which are

channel-paired to selected L-band frequencies as outlined in Section 1. The

thresholds are planned for incorporation by the FAA into the revised national

standard. Again, as with L- and C-bands, these criteria are under user control

and can be updated as required.
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Channel Plan. The channelization scheme defines the frequencies that are

available in each frequency band and identifies each set by a channel number.

The MLS Channel Assignment System is capable of accepting channel plans with paired

frequencies from four different bands for each channel number. A proposed channel

plan is listed in APPENDIX E. Note that the L-band frequencies are in two sets,

those available for conventional TACAN/DME equipment and those available for

PDME equipment.

A channel plan may contain any number of channels with any subset of fre-

quencies from the C-, L-, VHF-, and UHF-bands defined for each channel. The

assignment model will accept any number of modes (pulse-pair spacings) within the

L-band portion of the channel plan, and the channels may be listed in any order

desired. TABLE 2 shows a sample channel plan containing 10 channels, each with

paired frequencies from more than one band. Note some options available to the

user in defining channels in the sample plan. Channel 18X contains frequencies

from all four bands and allows MLS angle and range guidance, conventional TACAN/

DME, and a complete 11S system to operate on that channel. However, channel 18B

is an exclusive MLS channel for angle and range guidance only, and channel 19X

is not available for MLS use but only for enroute VOR-DME facilities.

TABLE 3 shows this same plan with the channels listed in a different order.

This ordering option gives the user the choice of defining a particular channel

implementation sequence or "packing order". This determines the order in which

the assignment model will search for an available channel during the dynamic

assignment process. For a channel plan as listed in TABLE 3, the assignment

model will search for an available channel starting with 18X for each assignnment

attempt and continue searching through 19X, 18Y, 19Y, etc., until an available

channel is found or until the channel resources are exhausted. In this manner,

successful facility channel assignments are "packed" on the left-most channels,

thus saving those on the right for later implementation.

Data Base. The MLS Data Base contains the equipment operational parameter and

facility information required by the assignment model when performing an assign-
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ment. Section 2 contains a listing of the information contained in the data base.

This information is initially entered on data cards after which it is processed

and organized onto record files containing all the required equipment data at a

specific runway. FIGURE 9 shows the resulting comniled records for four

ways in the Northeast United States.

Currently, there are three environments contained on MLS data base records.
The first is a Soutwest United States environment containing the existing and

planned airport and enroute equipments in a four-state soutwest region, including
the Los Angeles basin. This environment was based on a predicted 1980 airport

environment which included proposed new facilities as they were envisioned in

1972. A listing of this environment is contained in APPENDIX D. The second

environment is a modification of the first made by deleting many of the proposed

runways which were not built by 1980. The third environment consists of 20 states

in the Northeast, East Central and Southeast United States region. All of these

environments include high density airport regions that present conservative con-

ditions from a channel assignment standpoint.

The MLS data base structure was intended to provide flexibility to the

assignment model in that the key information needed for an assignment is con-

tained in the data base record, which can be easily changed to suit a user's

wishes. Equipment records can easily be added to or deleted from the data base

through preprogrammed maintenance routines. In addition, records can be altered

on an individual or environment-wide scale. This gives the user the capability

of altering, for instance, the service volume coverage, transmitted power,

antenna gain and radiation patterns of individual equipment records, or a specific

type of equipment throughout the entire environment.

Equipment Assignment Priority. The normal operation of the channel assign-

ment model uses a dynamic ordering technique to determine the order in which

equipment will be assigned channels.
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This technique determines the equipment with the minimum number of available

channels remaining in its list of channel resources, and attempts to assign

that equipment next.

As an option, the assignment model is capable of accepting an assignment

priority list specifying the order in which equipments will be assigned.

Furthermore, the user may input an assignment order for only some of the

equipments to be assigned; when this list is exhausted, the model will revert

back to the dynamic technique for the remaining assignments.

The advantage of inputing a specific assignment order is that the user

can simulate the actual order that equipment may be implemented. He may wish

to place highest priority on the large metropolitan airports that require the

newest equipment to meet their needs, and lower priority on the smaller, less

congested facilities.

Modcl Options

The main model options under user control are frequency pairing options,

reassignment options involving preassigned ILS and DME equipment, and the

option to display certain diagnostic information regarding the most likely

cause of an assignment failure at a particular facility.

Pairing Options. The MLS channel assignment model has the capability

of "hard pairing" equipment assignments in different frequency bands. Hard

pairing requires that the guidance equipment associated with a specific run-

way must all operate on the same channel even though they may be in different

frequency bands. This requirement makes channel selection at runway inter-

dependent between the various equipments; if one equipment cannot be assigned

on a given channel, the remaining paired equipments cannot be assigned. The

following degrees of pairing are available as an option to the user:

1. total pairing of all the equipments at a runway site, i.e., hard

pairing of equipments in all four bands.

31
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2. no pairing between frequency bands, allowing all equipments to

be assigned independently of equipments in other bands.

3. pairing of various combinations of equipments, for instance

pairing of MLS C-band equipments with PDME at a runway site. Any combination

of equipments can be paired in this manner.

Reassignment Option. Any existing or proposed airport environment

developed to exercise the channel assignment model will contain a significant

number of existing equipments (i.e., LS) operating on preassigned channels.

In the assignment process, these equipments are automatically assigned to their

present operating channel. However, if new MLS or PDME equipments are hard

paired to the existing equipment at the same runway, the existing preassigned

channel may not provide the necessary interference protection for the new

equipment in a congested environment. When this occurs, the entire hard-

paired set of equipments will fail, including the existing preassigned

equipment. The model declares that channel (i.e., hard-paired set of frequencies)

to be not available at that site. The channel assignment system then provides

two options to the user:

if 1. When a preassigned set of equipments fails to retain its existing

channel, the entire set may be reassigned to any open channel, providing

that channel contains a sufficient set of frequencies, or

2. Carrying the above option one step further, if the entire set of

equipments at a particular runway cannot be placed on an open channel, the

paired set of equipments can be broken and the proposed MLS and PDME equip-

ments may be assigned to any open channel while the preassigned ILS Localizer

and Glideslope will be placed each on their original channel.

Display the Most Constrained Equipment. When a paired set of equipments

at a runway fails to be assigned a channel, it is desirable to know which

equipment was most likely to have caused the failure. The channel assignment

system has the capability of listing the percentage of the channels that are

denied to each equipment in the paired set to show exactly which equipment

4 32
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was the most constrained at the time of failure. This capability is intended

as a diagnostic aid in determining those aspects of a channelization scheme

that may be unworkable or most constraining.
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SECTION 4

RESULTS

A channel-assignment model was constructed that is capable of performing

an intersite analysis between interfering equipments in a user-input environ-

ment and asbivning channels based on user designated intersite protection

requirements and channelization scheme.. A trial assignment was made for the

Southwest U.S. airport environment listed in APPENDIX D.

The results of the first MLS trial assignment are summarized in TABLE 4.

APPENDIX D contains a listing of the specific channels assigned to each system

in the environment.

TABLE 4

TRIAL ASSIGNMENT SUMMARY

%11.S Requirements Successful Assignments

Preassigneda 103 60 (58%)

New Assignments 252 237 (94%)

Total 355 297 (84%)

Preassigned" refers to new MLS systems which are

frequency-paired to existing ILS-DME systems at the
same runway. Therefore, their frequencies are pre-
determined.

It should be noted that in attempting to assign a C-band frequency to a "pre-

assigned" MLS requirement, if the assignment failed for the existing channel, no

alternatives were attempted (i.e., existing assignments were not changed in this

first trial assignment).

The following is a summary of the most significant qualifications that

should be used to place this initial trial in the proper context:
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1. It was assumed that the PDME interrogator receiver would operate

in the "narrowband" mode outside a radius of 5 nmi. This assumption resulted

in an optimistic L-band assignment. If, as currently planned, this receiver

operates "wideband" all the time, a more stringent assignment criterion will

need to be applied and a greater rate of assignment failure will result.

2. Only one test environment, the Southwest U.S., was used to exer-

cise the assignment model. It is expected that upon exercising the Northeast

U.S. environment, a higher rate of assignment failure will occur. This is

anticipated due to the greater numbers (4X) of preassigned ILS facilities and

a greater density of enroute TACAN and VOR facilities in that area.

3. The channel plan used to exercise this particular trial channel

assignment contains rigid frequency-pairing requirements throughout the C, L,

VHF, and UHF bands. Other channelization schemes may contain selective frequency-

pairing options that could results in a higher rate of assignment success.

4. Consistent with traditional L-band channel assignment techniques,

potential ground-to-ground interactions between Y-mode DME's and X/XZ mode DME's

were not considered in this trial assignment.

5. The protection criteria necessary for wideband PDME transponder

operations have not yet been determined nor applied in this model.

6. Refinements in the protection criteria being established by the

revised (draft) VORTAC National Standard had not been incorporated into the

model at the time of its initial exercise. These refinements could result in a

greater rate of assignment failure for all types of L-band equipments with the

exception of TACAN-to-TACAN interactions.

7. The present protection of the MLS angle-guidance 30 (small com-

munity) system is considered to bc conservative. The protected service volume

was extended from -10° to +400 in azimuth to afford protection for the fly-left/

fly-right pulses. Refinement of this technique may result in a greater number

of successful C-band assignments.

8. Experimentally determined C-band and L-band protection criteria

will eventually replace the analytically determined values of APPENDIX C. This

may alter the assignment results.

9. Propagation predictions for calculating D/U values were based on

smooth-earth terrain. That is, terrain shielding effects were not considered.

This represents a "worst case" propagation prediction.
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10. The equipment operational parameters (power levels, antenna gains)

and antenna patterns listed in the MLS data base were chosen to represent a
conservative but realistic working environment. The actual working environment

may contain a wider range of values than was exercised in this assignment.

I3
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APPENDIX A

ANALYSIS APPROACH FOR DETERMINING MINIMUM D/U VALUES

The MLS intersite analysis examines the interference potential between two

equipments and determines the minimum, i.e., worst-case, desired-to-undesired

signal power ratio, D/U, within the service volume of either equipment. Because

of the tailored service volumes and directional antennas associated with MLS and

ILS equipments, a more rigorous analysis technique is required to find the minimum

D/U than has been developed for circular service volumes. The approach used is to

calculate the D/U at predetermined test points/locations within the service volumes,

and then choose the smallest value. The accuracy of this method depends on choosing

the correst test points for consideration.

The following equation was used to calculate the desired-to-undesired signal

power ratio (D/U) at a victim receiver:

D/U = [G -VG - HG + ErRP - PLD ]

- [G U - VGU - HGU + EIRPU - PL (A-l)

where

D/J = desired-to-undesired power ratio, in dB

G = mainbeam antenna gain of the desired (D) or undesired (U)

equipments, in dBi

VG, HG = the normalized vertical and horizontal antenna gains (desired

or undesired) in the direction of the victim receiver, in dBi

EIRP = equivalent isotropically radiated power, in dBW

PL = propagation loss of a signal (desired or undesired) at the

victim receiver, in dB.

A-I
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The location of the minimum 1)/U value, in both azimuth and elevation, will

depend upon the variation of both signals throughout the protected service vol-

ume (FIGURE A-i). From Equation A-i, it can be seen that the two main factors

affecting those signal levels are propagation loss and antenna gain. Two sim-

plifying assumptions were drawn from preliminary analysis of these variables:

1) when an undesired equipment is located outside the radius of the protected

service volume, the minimum D/U location will occur at the farthest range (on

the arc) of the service volume, near specific points on the arc; 2) when an un-

desired equipment is located within a service volume radius of the desired equip-

ment, a conservative minimum D/U value is ensured by using the worst possible

)/U value that could occur between those equipments.

The first assumption is based on the calculation of D/U values in the MLS

service volume for many positions of the interfering equipments around the service

volume. A subset of these D/U calculations is shown for interfering equipments

positioned as in FIGURE A-2. The D/U value was calculated at eleven points on

the MLS service volume. The azimuth scan beam antenna pattern of FIGURE A-3

was used for the desired signal horizontal antenna pattern, and the DPSK (Ident)

pattern of FIGURE A-4 was used as the undesired signal horizontal antenna pattern.

The resulting D/U values are documented in TABLE A-1. It can be seen that the

minimum D/U value occurs on the service volume arc. In addition, the minimum

value occurs near the corner points (1 and 9), or near the closest point to the

undesired equipment, when that equipment is positioned within the angular limits

of the desired service volume coverage.

To verify that these locations will yield a minimum D/U value for various

equipment orientations, a second subset of calculations was performed with the

same equipments oriented as shown in FIGURE A-S. The results of these calcula-

tions are shown in TABLE A-2. Again, the minimum D/U value occurs on the ser-

vice volume arc, at either the corner points or the nearest point to the un-

desired equipment.

A-2
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800

FIGURE A-1. MLS SERVICE COVERAGE.

'I6

ICOSubmission by FAA, Time Reference scanning Beam Microwave Landing System,

DOT/FAA, December 1970.
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IJ
TABLE A-1

CALCULATED D/U VALUES

Interferer
D/U C3I I 1 2 3  1 4(dB)

1 28.5 10.0 34.5 32.0

2 19.8 12.0 31.0 31.5

3 6.5 14.5 28.5 32.0

4 -5.8 17.0 26.0 32.0

5 -7.0 20.5 23.5 33.0

6 -4.2 24.5 20.5 33.5

7 -0.5 27.5 18.5 34.5

8 -1.5 28.5 16.5 35.0

9 -3.0 31.5 14.5 36.0

10 9.2 15.9 19.0 38.3

11 13.7 18.1 24.5 35.7

A-7
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TABLE A-2

CALCULATED D/11 VALUES

Interferer
D/U I I 13 I

(dB) 1 2 3I

1 -0.5 7.8 6.5 3.0

2-5.2 7.8 7.0 2.5

3 -7.5 6.5 7.5 3.0

4 -8.8 6.0 8.0 3.0

5 1.0 5.5 8.5 4.0

6 7.8 5.0 8.5 4.5

7 14.5 4.5 8.5 5.5

8 16.5 3.5 8.5 6.0

9 18.0 2.0 8.5 7.0

10 13.2 7.9 12.0 13.3I11 6.9 12.1 12.5 11.7

A- 9
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The approach used to calculate these D/U values takes into account the

vertical as well as the horizontal antenna variations and propagation loss.

This is done using a propagation model developed by the Institute for Tele-

communication Sciences (ITS) (Reference 4). This model calculates a 1)/U

value versus equipment separation distancea on a 95% time availability basis,

based on the propagation losses and normalized vertical antenna gains of the

desired and undesired signals in the direction of the victim receiver. This

D/U does not account for differences in the equipment power or the normalized

horizontal antenna gains. The overall D/U value is determined by correcting

the ITS-calculated D/U (D/UITs) for the differences in transmitter power and

horizontal antenna gains of the desired and undesired signals. Rewriting

Equation A-I in terms of the D/UITS:

-D/ = (G - ND + EIRPD) - (Gu - IIGU + EIRPu) + D/UITs (A-2)
whereD DD 

IT(A2

D/U ITS  the ratio of desired to undesired signal propagation

loss and vertical antenna gains, for a fixed desired-

to-indesired separation distance and victim receiver

altitude, in dB.

D/U = G + PLU - VGD - PL D

It can be seen that the D/UITS contains those variables, i.e., propagation

loss and normalized vertical antenna gain, that vary with respect to the altitude

of the victim receiver. To ensure that the overall D/U value is minimized with

respect to altitude, the D/UITS is calculated at the worst-case altitude, for

each value of separation distance, and these values are stored in look-up tables

for use later in calculating the overall D/U.

aThe separation distance is the ground distance from the undesired equipment

to the victim receiver, plus the ground distance from the victim receiver
to the desired equipment.

A- 10
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The process of creating these D/UITS look-up tables is based on producing

a series of D/UITS curves for several altitudes within the limits of the vic-

tim's service volume, and combining these curves by taking the minimum value

at each increment of separation distance.

FIGURE A-6 shows a series of D/UIT S curves for a victim receiver at 20

nmi from the desired equipment and at various altitudes. It can be seen that

the minimum D/UITS will occur at higher altitudes for increasing values of

separation distance. By combining these curves, taking the minimum D/U for

each value of separation distance, it is possible to produce a single curve

that minimizes both the propagation loss and vertical antenna gain ratios for

the desired and undesired signals (FIGURE A-7). Using this curve, in a tabu-

lated form,the intersite model obtains a D/U value that reflects the mini-
ITS

mized propagation losses and vertical antenna gains by calculating the separa-

tion distance through a point on the service volume arc, and obtaining the

corresponding D/U ITS value from the proper look-up table.

The second assumption is based on the premise that, by assuming that the

worst-case interference will occur when an undesired equipment is located within

the circle inscribed by the victim's service volume radius, a conservative

minimum D/U value will be used for all those equipments. This worst-case inter-

ference is defined by the equipment protection criteria (Appendix C) as the low-

est possible D/U value that can occur between interfering equipments. The

considerations in determining this worst-case value are described in Reference

9 of Appendix C.

The overall intersite analysis approach developed as the complexity of the

task involved. It was necessary to use an analysis that could universally handle

all the service volumes and antenna patterns used in the assignment system, and

be implemented in a reasonable time period. As the total assignment system is

exercised, it may become apparent that the conservative approach used within the

service volume radius restricts the assignment of equipments. Refinement of the

intersite model to produce correct results for interfering equipments within the

A-11
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victim service volume radius would involve calculating D/U values at a greater

number of points. The scheme would be similar to that shown in FIGURE A-S.

For the interfering equipment (1) shown, a D/U calculation would be made at

several points, A-G, along the service volume radius, in addition to the points

used on the arc. The number of additional calculations necessary would depend

on the directionality of the horizontal antenna pattern of the interfering

equipment.

In its present form, the intersite routine contains the necessary capa-

bility to accommodate a variety of refinements. As it becomes clear that

additional capabilities would be beneficial, the routine can be altered.

r
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APPENDIX B

SYSTEM I)ESCRIPTIONS

This appendix contains a description of the Microwave Landing System (MLS)

angle-guidance functions and associated Precision Distance Measuring Equipment.

A section is included summarizing the functions, service options, and system

parameters to be used for each equipment in the assignment model.

NILS ANGLE GUIDANCE

Angle Guidance (Reference 6)

The TRSB signal format is based on the TO-FRO scanning beam technique, in

which narrow fan beams scan through the coverage volume in alternate directions.

The beams are scanned at high speed and consist of a single, unmodulated, con-
tinuous radio frequency transmission. The scanning speed is uniform, starting

from one extremity of the coverage sector and moving to the other and then back

again to the starting point, thus producing a TO-FRO scan as shown in FIGURE B-1

for azimuth. The azimuth beam scans first counterclockwise and then clockwise,

as viewed from above. The elevation beam scans first down and then up. In

every scanning cycle, two pulses are received by the aircraft. The time interval

between the TO and FRO pulses is proportional to the angular position of the air-

craft with respect to the runway centerline. An important feature of the time

reference encoded scanning beam system is the high data update rate, 13.5 Hz for

azimuth and 40.5 Hz for elevation. These data rates make it possible to design

simple airborne processors that can minimize multipath effects on guidance signals.

All angle and data functions are time-multiplexed on the assigned radio fre-

quency so that a single receiver-processor channel may process all data. Since

each function is an independent entity in the time-multiplexed function sequence,

the receiver may decode functions in any sequence. This is accomplished by pro-

viding each function with a preamble that, upon reception, sets the receiver for

the function which follows. The function identification preamble is radiated on

B-1
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FIGURE B-i. TIME DIFFERENCE MEASUREMENT.
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a sector antenna covering the function guidance volume. The scanning fan beam

and the sector transmission are illustrated in FIGURE B-2.

FIGURE B-2. REPRESENTATION OF THE ANGLE AND PREAMBLE
RADIATION CHARACTERISTICS.

All angular information is essentially linear throughout the volume of

coverage. Precision azimuth angle guidance is provided to at least ±400, or

a narrower sector if desired. For any installation, and particularly where

proportional coverage is reduced for reasons of economy, left-right guidance

information may be provided over a wider sector. Precision elevation angle

guidance, referenced to a standard reference point, is provided from 10 to 200

in elevation, over the same sector that provides azimuth angle guidance. Pre-

cision missed-approach azimuth angle guidance, referenced to runway centerline,

is provided to at least ±200.

The proposed standard signal format contains a time slot for the addition

of 3600 azimuth and missed-approach elevation guidance to meet potential future

requirements, and the design concept is sufficiently flexible to permit the im-

plementation of alternate means for providing a 3600 azimuth capability for par-

ticular national requirements. Such an alternative could be implemented at C-band

or Ku-band with either electronic or mechanically scanned antennas and could be

made compatible with standard receivers by a simple processor augmentation.

B-3



FAA-RD-80-91 Appendix B

Signal Formata

The TRSB signal format defines details of the signals-in-space provided

by MLS. The unique signal format concepts affecting operational and performance

characteristics of TRSB are discussed below:

1. 200-indepeident-channel capability for angle and range.

2. Time Division Multiplex (TDM) operation of all TRSB functions per

channel such that only (ne MLS transmitter is operational at any one time and

only one receiver processor channel is required to decode angle guidance information.

3. A large number of samples per second to permit data averaging.

By employing the TIlN format with a unique identification for each function,

functions can be easily added to or deleted from the signal format to accomodate

specific runway requirements. In this way the format provides a high degree of

flexibility and growth capability to accommodate potential future requirements

for additional MLS functions or auxiliary data messages. Functions provided by
the signal format are:

1. Function preamble including function identification.

2. Auxiliary data (e.g., Site Geometry, Status of Subsystems, etc.).

3. Approach azimuth angle guidance.

4. Elevation angle guidance.

5. Missed-approach azimuth angle guidance.

6. Missed-approach/departure elevation guidance.

7 Flare angle guidance.

8. 3600 azimuth guidance.

9. left-right guidanc2.

10. Sidelobe suppression.

11. Ground test signal.

1.2. Independent range guidance.

Ipp 1-'.- to 1-2.7 of Reference 6.

B-4



FAA-RD-80-91 Appendix B

Part of a typical scan cycle is shown in FIGURE B-3. -ach function is

transmitted in time sequence and is differentiated from other functions bw

the function preamble preceding each finction transmission. The preamble is

radiated throughout the coverage volume on a sector antenna and contains

function synchronization and identification information in the form of dif-

ferentially phase-shift-keyed (DPSK) digital signals. This function preamble

is followed by left-right guidance pulses, sidelobe suppression pulses, ground

test pulses, and TO-FRO angle fan beams.

0 52 102 26 31 36.2 48 53.8 59 64 ms

~ELEV. FLARE APPROACH AZIMUTH jFLARE IEL APPROCHEA GROWTH EL JFLARE

(a) Multiplexed Functions

SIDELOBE
LEFT/RIGHT SUPPRESSION
GUIDANCE FRO" TEST PULSEE

[To" TEST PULSE

APPROACH AZIMUTH [PRALEIIIII "TO" SCAN 'FRO" SCANf

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 ms

(h) Sequence for Approach Azimuth Function

FIGURE B-3. TIME DIVISION MULTIPLEX OF FUNCTIONS

Angle guidance information is derived from narrow scanning fan beams.

These beams sequentially encode all angles in the coverage sector. All other

functions (function preamble, auxiliary data, etc.) are broadcast on wide-

coverage sector antennas.

B-5
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Another key feature of the signal format is the high data rates provided

to permit data averaging. This averaging reduces the effect of in-beam multi-

path signals which cannot be eliminated by other forms of receiver processing.

High sample rates are realized with electronically scanned antennas.

The signal format is designed such that at a runway providing maximum MLS

service, all angle functions are combined on a single-frequency channel, while

airports with more modest service requirements use the same signal format but

radiate only selected functions. This flexibility provides for complete inter-

operability of all ground and airborne equipments, with the resulting service

limited by the lesser capabilities of either the ground or airborne equipment.

Con f ugrat ions

There are six MLS system configurations designed to provide a variety of

performance levels to meet the needs of civil and military users. The three

civil systems are the Small Community, the Basic and the Expanded. The re-

maining three systems are future military systems. At present the basic civilian

system fulfills the requirements of fixed military bases. The performance capa-

bilities of the civilian systems are shown in TABLE B-1. 7

The Small Community configuration provides a minimum level of service,

limited proportional or angle guidance, and less stringent accuracy require-

ments. The Basic configurations have several azimuth and elevation antenna

beamwidth options. The wide aperture antenna configuration provides narrow

beamwidths yielding higher accuracy. The narrow aperture antenna configuration

provides broader beamidths with lower accuracy. The Expanded configuration

provides the complete range of angle coverage available including flare touch-

down guidance, and missed approach or back azimuth.

7National Plan for Development of the Microwave Landing System, FAA-ED-07-2A,
DOT/F.-A, June 1978.
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MLS PRECISION DISTANCE MEASURING EQUIPMENT

The MLS Precision Distance Measuring Equipment (PI)ME), operating in the

960-1215 M11z region, is an evolution of the conventional DME system. In-

creased accuracy is gained through pulse shape modification. As with con-

ventional DME, the system consists of a transponder on the ground and an in-

terrogator in the aircraft. Distance information is derived in a manner similar

to that of the conventional TACAN/DME system.

The PDME is designed to be completely interoperable with conventional

DME equipments and should meet the increased operational requirements that

the MLS angle-guidance functions demand,which are an order of magnitude greater

than those placed on the conventional DME.

To obtain the ±100 feet range accuracy necessary during Category 
IIIa

landing, modification of the signal format and design of the conventional DME

equipment was necessary. The signal format was modified by sharpening the

leading edge of the first pulse of each pulse-pair. The cos/cos2 pulse shape

chosen has a cosine shape for the leading edge of the first pulse and a cos
2 .

or gaussian shape for the trailing edge.

The conventional DME equipment concept was modified to allow for the de-

tection of the sharper rising pulse, to more closely control the system delay

time, and to improve rejection to co- and adjacent channel signals.

The PDME is a multimode system capable of operating with various pulse-

pair spacings for both the ground-to-air and air-to-ground transmissions. The

P'DME can be multiplexed onto available DME channels in X- and Y- modes.

SYSTEM PARAMETERS

This section summarizes the important equipment functions and operational

parameters necessary to exercise the channel-assignment model. The actual

a 0 feet ceiling, 0 nmi visibility.
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working environment may contain a much wider range of parameters than detailed

here. The information in TABLE B-2 was chosen to represent a conservative but

realistic working environment. The choicc of functionis and pramters to de-

termine worst-case situations as well as the protection criterion is described

in APPENDIX C.
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go.

FIGURE B-4. MLS SERVICE VOLUME CONFIGURATIONS.
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RELATIVE GAIN IN dB

FIGURE B-10. ILS (8-LOOP) HORIZONTAL ANTENNA PATTERN.
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FIGURE B-12. L-BAND SERVICE VOLUME OPTIONS.
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APPENDIX C

EQUIPMENT PROTECTION CRITERIA

The MLS frequency-assignment model calculates the. worst-case desired-to-

undesired signal power ratio within the service volumes of each pair of equip-

ments operating in the same band. It then determines the channel separation

required for safe operation of each equipment pair based on the protection

criteria input by the user. A different protection criterion is specified

for each of the four bands to be assigned (C-band, L-band, VHF band and UHF

band). In each case the criterion establishes the minimum D/U level allowed

for the cochannel and adjacent-channel operation of equipments in these bands.

L-band contains three interacting types of equipments (DME, PDME, and TACAN).

The operation of these equipments is such that D/U enhancement can be obtained

by varying pulse-pair spacing, as well as by off-tuning. The L-band protection

criteria reflects this added interference rejection by specifying D/U threshold

levels for out-of-aperture (different pulse-pair spacing) interference as well as

coaperture (like pulse-pair spacing) interference.

In C-band, MLS angle guidance is composed of many separate functions (ele-

vation, azimuth, preamble, etc.) multiplexed onto a single frequency. In es-

tablishing a C-band protection criteria, it was necessary to determine which

interaction of functions would cause the worst D/U degradation. It was found

that for cochannel operation, the worst degradation was for a 30 azimuth scanning

beam interfering with a 30 azimuth scanning beam. For adjacent-channel inter-

actions, the worst degradation was for a preamble function interfering with a
30 azimuth scanning beam. This type of criterion requires that two worst-case

D/U values be considered in the intersite analysis, scan beam-to-scan-beam for

cochannel comparison and preamble-to-scan-beam for adjacent-channel comparison.

TABLES C-I through C-4 list the protection criteria used in this particular

trial assignment.

C-1
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TABLE C-1

9
L-BAND PROTECTION CRITERIA

Frequency and Pulse-Spacing D/U
Interaction Threshold (dB)

Cofrequency + 8
Coaperture

Cofrequency + 3
Out -of-Aperturo

Ist Adjacent Frequency -25I Coaperture
1st Adjacent Frequency -34
Out -of-Aperture

2nd Adjacent Frequency -34
Coaperture

2nd Adjacent Frequency -34
Out-of-Aperture

9 Nanda, V. P., Anal ystic Determination of interference Thresholds for Microwave
Landing System Equipment and TACANIDME Equipment, ECAC-PR-80-008, Annapolis,
MD., to be published.
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TABLE C-2

C-BAND PROTECTION CRITERIA9

D/U Threshold

Cochannel 23.5 dBa

1st Adjacent Channel (t300 kHz) -19.4 dB

2nd Adjacent Channel -26.0 dB

aRecent tests at NAFFC have indicated that cochannel

protection requires an absolute limit on the undesired
signal of -103 dBm. The CAM will be revised to in-
clude this new type of protection criteria.

TABLE C-3

VHF BAND PROTECTION CRITERIA 1 0

D/U Threshold

Cochannel 20 dB

1st Adjacent Channel (±50 kHz) - 7 dB

2nd Adjacent Channel (±100 kHz) -46 dB

3rd Adjacent Channel (±150 kHz) -50 dB

TABLE C-4

UHF BAND PROTECTION CRITERIA1 0

D/U Threshold

Cochannel 20 dB

Ist Adjacent Channel (±150 kHz) 0 dB

2ndAdjacent Channel (±300 kHz) -20 dB

3rd Adjacent Channel (±450 kHz) -40 dB

4th Adjacent Channel (±600 kflz) -40 dB

9 Nanda, V. P., Analytic Determination of Interference Thresholds for Microwave
Landing System Eqtipment and TACANIDME Equipment, ECAC-PR-80-008, Annapolis,
MD., to be published.

10Order 9840, Selection Order: U.S. National Aviation Standard for the VOR/DME/
TACAN System, U.S. DOT/FAA undated.

C-3/C-4
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APPENDIX D

TRIAL ENVIRONMENT

This appendix contains a listing of the airport and enroute environments

used in the trial assignment. Listed along with each system is its present

operating channel (if it is preassigned), and the channel assigned to it by

the assignment model.

TABLE D-1 summarizes the number of individual equipments of each type in-

cluded in the environments listed in TABLES D-2 and D-3.

TABLE D-1

TEST ENVIRONMENT SUMMARY

Facility Existing Requirements New Requirements Total

TACAN 118 0 118

DME 137 28 165

VOR 169 0 169

I LS 86 0 86

MLS Expanded 0 5 5

MLS Basic 0 136 136

MLS S. Com. 0 214 214

MLS PDME 0 66 66

aNote that frequency-pairing requirements within a particular channel plan may

necessitate the protection of new. "dummy" DME. VOR and ILS equipments whenever
MLS equipments are assigned which do not require the physical installation of
associated equipments. These dummy equipments are not included in the tables.

D-1
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APPEND)IX E

CHIANNEiL PLAN

This appendix contains a listing of the channel plan used in the initial

assignment attempt.
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TABLE E-1

CHANNEL PLAN
(Page 1 of 7)

C-Band L-Band L-Band VHF UHF
Channel (MHz) (MHz) (Mz) (MHz) (MHz)

17X - 978 1.08.00 3
17Y 5031.0 1104 1104 108.05 3
17XZ 5031.3 978 - -

18X 5031.6 979 979 108.10 334.10
18Y S031.9 1105 1105 108.15 334.55
18XZ 5032.2 979 - -

19X - - 980 108.20
19Y 5032.4 1106 1106 108.25
19XZ 5032.8 980 - -
20X 5033.1 981 981 108.30 334.10
20Y 5033.4 1107 1107 108.35 334.95
20XZ 5033.7 981 - -
21X - 9 982 108.40
21Y 5034.0 1108 1108 108.45
21XZ 5034.3 982 - - -

22X 5034.6 983 983 108.50 329.90
22Y 5034.9 1109 1109 108.55 329.75
22XZ 5035.2 983 - -
23X - - 984 108.66
23Y 5035.5 1110 1110 108.65
23XZ 5035.8 984 - -
24X 5036.1 985 985 108.70 330.S0
24Y 5036.4 1112 1111 108.75 330.35
24XZ 5036.7 985 - - -
25X - - 986 108.80 3
25Y 5037.0 1112 1112 108.85 3
25XZ 5037.3 986 - - -
26X 5037.6 987 987 108.90 329.30
26Y 5037.9 1113 1113 108.95 329.15
26XZ 5038.2 987 - - -
27X 5 - 988 109.10 3
27Y 5038.5 1114 1114 109.05 3
27XZ 5038.8 988 - -

28X 5039.1 989 989 109.10 331.4028Y S039.4 1115 1115 109.15 331.25
28XZ 5039.7 989 - - -
29X - -990 109.20-

29Y 5040.0 1116 1116 109.25
29XZ 5040.3 990 - -
30X 5040.6 991 991 109.30 332.00
30Y 5040.9 1117 1117 109.35 331.85
30XZ 5041.2 991 - -

E-2
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TABLE E-1

(Page 2 of 7)

C-Band L-Band L-Band VHF UHF
Channel (MHz) (MHz) (MHz) (MHz) (MHz)

31X - 992 109.40
31Y 5041.5 1118 1118 109.45
31XZ 5041.8 992 - -

32X 5042.1 993 993 109.50 332.60
32Y 5042.4 1119 1119 109.55 332.45
32XZ 5042.7 993 - -

33X - - 994 109.60
33Y 5043.0 1120 1120 109.65
33XZ 5043.3 994 - -

34X 5043.6 995 995 109.70 333.20
34Y 5043.9 1121 1121 109.75 333.05
34XZ 5044.2 995 - - -

35X - 996 109.80
35Y 5044.5 11.22 1122 109.85
35XZ 5044.8 991 - -

36X 5045.1 997 997 109.90 333.80
36Y 5045.4 1123 1123 109.95 333.65
36XZ 5045.7 997 - -

37X - - 998 110.00
37Y 5046.0 1124 1124 110.05
37XZ 5046.3 998 - -

38X 5046.6 999 999 110.10 334.40
38Y 5046.9 1125 1125 110.15 334.25
38XZ 5041.2 999 - -

39X - - 1000 110.20
39Y 5047.5 1126 1126 110.25
39XZ 5047.8 1000 - -

40X 5048.1 1001 1001 110.30 335.00
40Y 5048.4 1127 1127 110.35 334.85
40XZ 5048.4 1001 - -

41X - - 1002 110.40
41Y 5049.0 1128 1128 110.45
41XZ 5049.3 1002
42X 5049.6 1003 1003 110.SO 329.60

42Y 5049.9 1129 1129 110.55 329.45

42XZ 5050.2 1003 - -
43X - - 1004 110.60

43Y 5050.5 1130 1130 110.65
43XZ 5050.8 1004 - -

44X 5051.1 1005 1005 110.70 330.20

44Y 5051.4 1131 1131 110.75 330.05
44XZ 5051.7 i005 - -
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C-Band L-Band L-Band VHF UHF
Channel (Mfz) (Mhz) (Nhz) (MHz) (NMIz)

45X - - 1006 110.80 -
45Y 5052.0 1132 1132 110.85 -
45XZ 5052.3 1006 - - -

46X 50S2.6 1007 1007 110.90 330.80
46Y $052.9 1133 1133 110.95 330.65
46X? 5053.2 1007 - - -
47X - - 1008 111.00 -

47Y - - 1134 111.05 -
47XZ 50S3.5 1008 - - -
48X 50S3.8 1009 1009 111.10 331.70
48Y 50S4.1 1135 1135 111.15 331.5
48X 5054.4 1009 - - -

49X - - 1010 111.20 -

49Y - - 1136 111.25 -
49XZ 5054.7 1010 - - -
SOX 5055.0 1011 1011 111.30 332.30
SOY 5055.3 1137 1137 111.35 332.15
SOXZ 5055.6 1011 - - -
SIX - - 1012 111.40 -
SlY - - 1138 111.45 -
S1XZ 5055.9 1012 - - -
52X 5056.2 1013 1013 111.50 332.90
52Y 5056.5 1139 1139 111.55 332.75
52XZ 5056.8 1013 - - -
H53X - 1014 111.60 -

53Y - - 1014 111.65 -
53-XZ 5057.1 1014 - - -
S4X 5057.4 I1S 1015 111.70 333.50
54Y SOS7.7 1141 1141 111.7S 333.35S4XZ 5058.0 1IS - - -

55X - - 1016 111.80 -
SSY - - 1142 111.85 -
SSXZ 5058.3 1016 - - -
S6X 5058.6 1017 1017 111.90 331.90
S6Y 5058.9 1143 1143 111.95 330.95
S6XZ 5059.2 1017 - - -
SX - - 1018 112.00 -
SY -- 1144 U12.0S-

S7XZ 5059.5 1018 - - -

Sax - - 1019 112.10 -
Say- - 114S 112.1S
S8xZ S059.8 1019 - --
59X -- 1020 112.20-
59Y - - 1146 112.2S

LS91Z 5060.1 1020 --
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C-Band L-Band L-Band VHF UHF
Channel (MHz) (MHz) (Miz) (MHz) (MHz)

70X - -1157 112.30
70Y - - 1031 112.35
71X - - 1158 112.40
71Y - - 1032 112.45
72X - - 1159 112.50
72Y - - 1033 112.55
72XZ 5060.4 1159
73X - - 1160 112.60
73Y - *.1034 112.65
73XZ 5060.7 1160 - -

74X - - 1161 112.70
74Y - - 1035 112.75
74XZ 5061.0 1161 - -
75X - - 1162 112.80
75Y - - 1036 112.85
75XZ 5061.3 1162 - -

76X - - 1163 112.90
76Y - - 1037 112.95
76XZ 5061.6 1163 - -

77X - - 1164 113.00
77Y - - 1038 113.05
77XZ 5061.9 1164 - -

78X - - 1165 113.10
78Y 5062.2 1039 1039 113.15
78X2Z 5062.5 1165 - -

79X - - 1166 113.20
79Y 5062.8 1040 1166 113.20
79XZ 5063.1 1166 - -

80X - - 1167 113.30
80Y 5063.4 1041 1041 113.35
8OXZ 5063.7 1167 - -

81X - - 1168 113.40
81Y 5064.0 1042 1042 113.45
81XZ 5064.3 1168 - -

82X - - 1169 113.50
82Y 5064.6 1043 1043 113.55
82XZ 5064.9 1169 - -

83X - - 1170 113.60
83Y 5065.2 1044 1044 113.65
83XZ 5065.5 1170 - -
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C-Band L-Band L-Band VHF UIIF
Channel (MHz) (MHz) (MHz) (MIz) (M4Hz)

84X - - 1171 113.70
84Y 5065.8 1045 1045 113.75
84XZ 5066.1 1171 - -
85X - - 1172 113.80
85Y 5066.4 1046 1046 113.85
85XZ 5066.7 1172 - -
86X - - 1173 113.90
86Y 5067.0 1047 1047 113.95
86XZ 5067.3 1173 - -
87X - - 1174 114.00
87Y 5067.6 1048 1048 114.05
87XZ 5067.9 1174 - -
88X - - 1175 114.10
88Y 5068.2 1049 1049 114.15
88XZ 5068.5 1175 - -
89X - - 1176 114.20
89Y 5068.8 1050 1050 114.25
89XZ 5069.1 1176 - -
90X - - 1177 114.30
90Y 5069.4 1051 1051 114.35
9OXZ 5069.7 1177 - -
91X - - 1178 114.40
91Y 5070.0 1052 1052 114.45
91XZ 5070.3 1178 - -
92X - - 1179 114.50
92Y 5070.6 1053 1053 114.55
92XZ 5070.9 1179 - -
93X - - 1180 114.60
93Y 5070.2 1054 1054 114.65
93XZ 5070.5 1180 - -
94X - - 1181 114.70

'1 94Y 5071.8 1055 1055 114.75
94XZ 5072.1 1181 - -
9sX - - 1182 114.80
95Y 5072.4 1056 1056 114.85
9SXZ 5072.7 1182 - -

96X - - 1183 114.90
96Y 5073.0 1057 1057 114.90
96XZ 5073.3 1183 .- -

97X - - 1184 115.00
97Y 5073.6 1058 1058 115.05-
97XZ 5073.9 1184 - -

98X - - 1185 115.10
98Y 5074.2 1059 1059 115.15m 98XZ 1 5074.5 1185 I - -
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C-Band L-Band L-Band VHF UHF
Channel (MHz) (MHz) (MHz) (MIz) (MWz)

99X - - 1186 115.20
99Y 5074.8 1060 1060 115.25
99XZ 5075.1 1186 - -

lOOX - - 1187 115.30
IOOY 5075.4 1061 1061 115.35
IOOXZ 5075.7 1187 - -

iX - - 1188 115.40
IO1Y 5076.0 1062 1062 115.45
1OIXZ 5076.3 1188 - -

102X - - 1189 115.50
102Y 5076.6 1063 1063 115.55
102XZ 5076.9 1189 - -

103X - - 1190 115.60
103Y 5077.2 1064 1064 115.65
103XZ 5077.5 1190 - -

104X - - 1191 115.70
104Y 5077.8 1065 1065 115.75
104XZ 5078.1 1191 - -

IO5X - - 1192 115.80

lOSY 5078.4 1066 1066 115.85
IOSXZ 5078.7 1192 - -

106X - - 1193 115.90
106Y 5079.0 1067 1067 115.95
106XZ 5079.3 1193 - -

107X - - 1194 116.00
107Y 5079.6 1068 1068 116.05
107XZ 5079.9 1194 - -

108X - - 1195 116.10
108Y 5080.2 1069 1069 116.1S
108XZ 5080.5 1195 - -

109X - - 1196 116.20

109Y 5080.8 1070 107Q 116.20
109XZ 5081.1 1196 - -

11OX - - 1197 116.30

110Y 5081.4 1071 1071 116.35
llOXZ 5081.7 1197 - -

1lix - - 1198 116.40

illY 5082.0 1072 1072 116.45
l1XZ 5082.3 1198 - -

112X - - 1199 116.50

112Y 5082.6 1073 1073 116.55112XZ 5082.9 1199 --
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C-Band L-Band L-Band VHF UHF
Channel (MHz) (MHz) (MHz) (MHz) (MHz)

113X - - 1200 116.60 -

113Y 5083.2 1074 1074 116.65 -

113XZ 5083.5 1200 - - -

114X - - 1201 116.70
114Y 5083.8 1075 1075 116.75
114XZ 5084.1 1201 - -

11sX - - 1202 116.80
iSY 5084.4 1076 1076 116.85 -

llSXZ 5084.7 1202 - - -

116X - - 1203 116.90 -

116Y 5085.0 1077 1077 116.95
I16XZ 5085.3 1203 - -
117X - - 1204 117.00
117Y 5085.6 1078 1078 117.05
117XZ 5085.9 1204 - -
118X - 1205 117.10
118Y 5086.2 1079 1079 117.15
118XZ 5086.5 1205 - -
119X - - 1206 117.20 -

119Y 5086.8 1080 1080 117.25 -

I19XZ 5087.1 1206 - -
120X - - 1207 117.30 -

120Y 5087.4 1081 1081 117.35 -

120XZ 5087.7 1207 - -
121X - - 1208 117.40 -

121Y 5088.0 1082 1082 117.45 -

121XZ 5088.3 1208 - -
122X - - 1209 117.50 -

122Y 5088.6 1083 1083 117.55 -

122XZ 5088.9 1209 -

123X - - 1210 117.60 -

123Y 5089.2 1084 1084 117.65 -

123XZ 5089.5 1210 - - -

124X - - 1211 117.70 -

124Y 5089.8 1085 1085 117.75 -

124XZ 5090.1 1211 - -

125X - 1212 117.80
125Y - - 1086 117.85 -

125XZ 5090.4 1212 - -

126X - - 1213 117.90 -

126Y - 1087 117.95 -

126XZ 5090.7 1213 -
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